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Naturally, one might suppose that, in general, the 
radiative loss of heat by the surface of the earth and lower 
air on clear nights must be the same whatever the wind, 
calm to gale. I t  is true that the perviousness of the air 
to all radiation, ultraviolet, visible, and ultrared, is the 
same regardless of its motion. Therefore, if everything 
else were the same, the losses of heat would be equal in the 
two cases under consideration; but they are not the same, 
for the temperatures of the surface and of the lower air 
are affected by the strength of the wind. Where the air 
is calm the supply of heat to the cooling surface, apart 
from that conducted up from below, comes from only a 
very thin layer of the superjacent air, whereas on windy 
nights it comes, owing to turbulence, from a much deeper 
layer of this air. Hence, from that cause alone, the 
surface would be warmer on a windy night than it would 
have been if the air had been calm. There is also another 

effect of the wind to take into account that still further 
increases this temperature difference, namely, the com- 
plete mixing of the air of the turbulent layer, by which it 
is brought to a common potential temperature-its lapse 
rate made adiabatic instead of being left subadiabatic- 
and the surface air thus brought to a higher temperature 
than it would have if calm. 

Obviously, then, the surface of the earth and the adja- 
cent air must be, and they are, colder during calm nights 
than on windy nights. But the loss of heat by radiation 
from the surface of the earth (practically a full radiator) 
varies closely as the fourth power of its absolute tempera- 
ture. Hence, in general, on clear nights the earth radi- 
ates a greater quantity of heat when there is a strong wind 
than i t  does when the air is calm, but does not come to as 
low a temperature. 

MINIMUM TEMPERATURES DURING SPRING AND AUTUMN AT LINCOLN, NORTH 
PLATTE, AND SCOTTSBLUFF, NEBR. 

By HARRY E. HOY 
[Unirersity of Illinoiq, Urbann. Ill.. June 19%] 

INTRODUCTION 

The purpose of this study * is to determine the nlinimum 
temperatures during the transition periods of spring and 
autumn at three selected stations m Nebsaska. The 
latest date of freezing temperature over recorded at Lin- 
coln is May 15 (1907); but the fact that a killing frost has 
never occurred after this date is not evidence that one 
never will. The writer, by a detailed study of the 39 or 
more minimum temperatures for each date, has attempted 
to determine what the probability of a killing frost is for 
each day, from reasonable frost-certain to reasonable 
frost-free dates during spring, and from frost-free to frost- 
certain dates in autumn. 

It is generally known that killing frosts occur on the 
majority of March days in Nebraska? As spring pro- 

esses the occurrences of freezing temperatures become l? ess frequent, so that by June 1, the temperature rarely 
falls below 32’ F. The three stations chosen are represen- 
tative of the eastern, central, and western parts of the 
State. Since altitude is a more important modifier of 
rowing season in Nebraska than latitude, an east-west f me of stations was believed more desirable than a north- 

south line. The stations have kept continuous records 
for periods of 39 to 45 years. The three stations are 
about equally separated from each other by both altitude 

1 8e8 also Earl E. Lackey: Variability Isoerymal Maps for the Great Plains. Mo. Wrn. 
REV. M: 70-76. March 1938. 
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and latitude. Scottsbluff a t  altitude 3,888 feet is the 
northernmost, latitude 41’50’ N. North Platte, altitude 
2,821, is a t  latitude 41’10’; Lincoln, altitude 1,189, is 
located at  latitude 40’41’. Scottsbluff experiences temper- 
atures and amounts of precipitation which are about the 
lowest in the State; North Platte’s are slightly below the 
average; a t  Lincoln they are slightly below the State 
maximum. 

A killing frost is interpreted in this paper to mean a 
temperature of 32O F. or below, since in a statistical study 
it is felt that an objective definition of killing frost is more 
desirable for compnriiig conditions at  different stations 
and at  different times. This results occasionally in small 
differences between the dates of first and last killing 
frosts published by the United States Weather Bureau 
and the dates used in this study. The determination of a 
killing frost using the presence of frost crystals with 
freezing destruction to certain plants as indicators is no 
doubt of more practical importance to growers than is a 
temperature of 32’ F. However, the unavoidable sub- 
jective element where several different observers report 
with different plants ns indicators and at  different times 
in the season, although perfectly defensible from II prac- 
tical point of view, might be a bit indefinite in a statistical 
paper such as this. Both definitions are recognized as 
acceptable. Therefore, “freezing temperature” and “kill- 
ing frost” will be terms used synonymously hereafter in 
t b  paper. 
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Month 1 ;::&!L% 11 hIonth 
devintion 

Statistical methods are employed in organizing and 
applying the data used. All computations are based on 
the actual minimum teniperatures for each day as compiled 
by the Unitecl States Weather Bureau. It was assumed 
that the distribution of 40 or more nlinimuiii temperatures 
for a given date would closely approximate a normal curve. 
This was borne out by later investigation. First, the 
standard deviation or tlie temperature rmge espected 68 
percent of the time was cleterminrtl. This was found by 
the application of the formultL: 

Average 
stnndard 
deviation 

Standard clevia tion = A' 

hiarch.. ..................... 
April. ........................ 
h ~ a y  .......................... 

Average (spring months) ... 

where T is minimum temperature, AT is the number of 
observrt tions, nntl A is tlie average niiniinuni temperature. 
By nieans of the standard deviation the following results 
were obtained for each date during the 6 montlis a t  Lincoln, 
North Platte, and Scottsbluff: 

1. Average mininium temperature. 
2. Limits of strlndrlrd deviation. 
3. Probnbilitg of a freezing tempertitiire. 
4. Lowest temperature expected 1 uiicl 2 percent of tlie 

time. In  addition to these, two other sets of data wcre 
worked out which also served as  a clieck on the mathe- 
matical method used. They tire ( 1 )  the lowest recorded 
teniperature cind (2) the probability of a frost after tiny 
date in spring and before any date in autumn. The 
lowest temperature expected 2 percent of the time would 
mean in the case of the data used, which covers about 50 
years, a single occiirreiice of that temperature during the 
period. The lowest recorded temperature on that date 
bears out this assumption very well. Only in relatively 
few instances does the lowest recorded temperature vary 
more than 3' or 4' from the temperature expected, on 
the average, 1 year in 50. The averages of the lowest 
temperatures recorded and the lowest expected 2 percent 
of the time, are nearly identical. 

1 0 . 9  
8. 53 
7. 2!l 

8.66 
--- 

CONDITIONS AT LINCOLN 

Lincoln was selected as representative of the eastern 
part of Nebraska. Here the frost-free period is nearly as 
long as that found anywhere in the State. The transi- 
tion periods between winter and summer, and summer 
and winter, are earlier in spring and later in autumn thin 
at the other two stations. With refereiice to figure 5 
(graph show-ing spring conditions of minimum tenipera- 
ture in Lincoln, Nebr.) it  is seen that tlie arerrige mini- 
mum temperature ranges from 20.7' F. on hiarch 1, to 
34' F. on April 1, to 45' F. hlay 1,  to 55' F. on hlay 31. 
While this general climb is taking place, there are many 
small irregularities. It is believed that a 46-year record 
is not long enough to smooth out all of the irregularities 
that might be caused by one or two estremely high or low 
minima. 

The irregularities of dag-by-clap teniperature change in 
antumn are less severe than are those of spring. The 
average claily drop is greatest in September and least in 
November; the opposite is true in spring, when Pvlaich 
has the most rapid and hfay the lcnst rapid rise. Tlie 
average rate of daily increase in spring is 0.375' while the 
average daily decrease of autumn is 0.416'. 

The limits of standard deviation are greatest early in 
spring and late in autumn because of the greater estremes 
of temperature that occur near the winter season. From 
March 1 to March 25 the average deviation is from 10' 
to 12'. Bfter March 37 a id  until hlay 25 the usual 

............... September--. 
October. .................... 
Nove 01 her. 

Brefiige (autumn months). 

................. 

deviations are about 8'. The usual deviat'ion after May 
25 is less than 7'. The t,able below illustrates the average 
st,andard deviations by months and by sensoiis. 

9.27 
9.34 
9.01 

9. 11 
I___ 

The probability of a freezing temperature on hiarch 1 
is 85 percent. This high probability becomes gradually 
less until by April 1 it has dropped to 40 percent. On 
April 15 the probability is 16 percent, 10 percent on May 
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FIQURE 1 --Prohahilitj of n freezmg temperature during spring (Prohabillties on dates 
indicated hale been averaged nith those of the dntas on either side) 

1, arid by hIay 15 only 1 percent. On May 31, the last 
day shown on the graph, the probability is less than 0.05 
percent or a probable occurrence of about once in 2,000 
years. 

During autumn the probability of frost occurrence is 
only once in 10,000 years on September 1 but on September 
15 the probability is 1 percent; October 1, 3.5 percent; 
November 1,  33 percent; and November 30, 80 percent. 
Figures 1 and 2 illustrate the decrease ant1 increase, 
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FIGURE 2 -Probability of a freezing teniperature durmg autumn (Probabilities on dates 
indicated hare been skernged with those of the dates on either side ) 
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Percent Percent 
Date probable Date probable Date 

Mar. 25 _ _ _ _ _ _ _ _ _ _  89.5 Apr. 14 ________. 67.0 M a y 4  _ _ _ _ _ _ _ _ _  
Mar. 27 _.________ 88.9 Apr. 16 _._______ 60.3 hIay6  _.___..__ 
Xiar.28 _.________ 98.5 Apr. 17 .________ 58.8 M a y 7  _ _ _ _ _ _ _ _ _  
Mar. !d9 _ _ _ _ _ _ _ _ _ _  98.1 Apr. 18 .________ 53.2 M s y 8  .___.___. 
Mar. 30 _ _ _ _ _ _ _ _ _ _  97.6 Apr. 19 .________ 49.6 M a y 9  .____._.. 
Mar .31__________  96.4 Apr.20 ________. 46.1 hlrCy10 ___..... 

Mar. 26 _ _ _ _ _ _ _ _ _ _  99.3 Apr. 15 _ _ _ _ _ _ _ _ _  63.7 May 5.- . .  .____ 

Apr. 1 _ _ _ _ _ _ _ _ _ _ _  95.5 Apr. 21 ._.______ 42.5 May 11 ._____._ 
Apr. 2 .__________ 94.7 Apr. 22 ________. 38.0 May12 _______. 
Apr.3 _ _ _ _ _ _ _ _ _ _ _  93.7 Apr.23 ._.______ 35.5 May13 ___.___. 
Apr.4 ______.____ 92.5 Apr.24 _ _ _ _ _ _ _ _ _  32.2 hfay 14 ..__._._ 
Apr. 5 .___.______ 91.2 Apr. 25 _______.. 29.1 Map15 ___..___ 
Apr.6 ...___._._. 89.6 Apr.26 ___..___. 26.1 &lay 16 ..__..__ 
Apr.  7 ..._.____.. 87.7 Apr.27 ____._.__ 23.2 h h p l 7  .._.__.. 
.4pr. 8 _._________ 85.9 Apr. 28 .________ M.5 May 18 ._..___. 
Apr.9 ._______._. 83.7 Apr. ?9 _.___._.. 18.1 hIny19 ____.... 
Apr 10 _____..___ 79.0 Apr. 30 _.______ 15.8 May:- ..__..__ 
Apr 11 ________._ 76.3 M a y 1  _ _ _ _ _ _ _ _ _  13.7 May21 ..___._. 
Apr. 12 .__________ 73.4 M a y 2  _._______. 11.8 M a y  22 ........ 
Apr. 13 .._____-___ 70.3 M a y 3  ______.__ 10.1 Ma) 23 ..-..... 

Perrent 
probable 

8.6 
7.2 
6.1 
5.1 
4.2 
3.4 
2 .8  
2.3 
1. 8 
1.5 
1.2 
.9  
.7  
. 5  
. 4  
. 3  
. 2  
. 2  
. 1  
. I  

TABLE 2.-Probability of a killing frost before any date in autnnin 
at L i t l C O b i  

Date 
--- 
Oct. 24 _____..__ 
Oct. 25 ..._...__ 
Oct. 26 ... ..__.. 
Opt. 27 ._._..._. 
Ort. 28 ..___.__. 
Oct. ?9 ..._._.__ 
Oct. 30 ._._...-_ 
Oct. 31 .._______ 
Nor.  1 .  _._...__ 
Nor .  2 ...____._ 
Nov. 3. - _ _  _.._. 
Nov. 4 ..____.__ 
Nor.  5 _____._.. 
Nor.  6 ____..... 
Nov. 7 _..___... 
Nor.  8 ____..... 
Nor. 0 ._._..__. 
h-ov. 10 .__...__ 
Nor.  11 ___..__. 
Nor.  12 _._..... 
Nov. 13 ___.____ 

Percent 
Date 1 probable 

Percent 
probable 

79.1 
81.6 
83.2 
85.1 
87.0 
88.6 
90.0 
91.5 
82.8 
93.3 
94. Y 
96.2 
96.8 
97.3 
97.8 
98.2 
9s. 3 
98.5 
98.8 
99.0 
99.2 

Sept. 7 ________.__ 
Sept. 8 _ _ _ _ _ _ _ _ _ _ _  
Sept. 9 ______.____ 
Sept. 10 _____..___ 
Sept. 11 _ _ _ _ _ _ _ _ _ _  
sept. 12 .._.__..__ 
tlept. 13 _____.____ 
Sept. I4 _ _ _ _ _ _ _ _ _ _  
Sept. I5 _._______. 
sept.  16 ._...___._ 
Sept. 17 ._._____._ 
Sept. I8 _ _ _ _ _ _ _ _ _ _  
Sept. 19 ._______._ 
Sept. 20 _ _ _ _ _ _ _ _ _ _  
sept.  21 ._______-- 
Sept. 22 ._..______ 
Sept. 23 _ _ _ _ _ _ _ _ _ _  
Sept. 24 .____.____ 
sept. 25 _ _ _ _ _ _ _ _ _ _  
Sept. 26 ._________ 
sept. 27 ______._.. 
Sept. 28 ____..____ 
srpt.  29 __...__... 
sept. 30 ...__.-... 

0. 1 
. I  
.2  
. 3  
. 4  
.6 
. 6  
. 7  
. 9  

1. 1 
1.4 
1.7 
2. 1 
2.5 
3.0 
3.6 
4. 3 
5 . 1  
6.0 
7.0 
8. 2 
9.5 

10. !I 
12.5 

The two broken lines on the plates represent the tem- 
peratures expected 2 percent and 1 percent of the years 
on that date. These values are statistical probabilities 

5 

MARCH APRIL MAY JUNE 
FIQURE 3.-Probability of a killing frost after each date in spring at  Llncoln, North 

Platte, and Scottsbluff. 

based on the standard deviation for that date. A stand- 
ard deviation greater or less than the usual deviations 
causes the 1- or %percent probability points to be too low 
or too high respectively. A study of those lines as a whole 
is more valuable than the individual day-by-day values. 

As niight be expected the range of minimum tenipera- 
tures is greatest in early spring and late autumn, The 
average range between the average minimum temperature 
and the average lowest recorded temperatures in hIarch is 
26' while that of May is 16.2'. In September the aver- 
age variation is 17.3' and in November 32.2'. 

March 15 is so early in the spring that a killing frost is 
expected to occur several times before summer, while the 
probabilityof afrost after May 31 is practically zero. The 
probabilities of frost after each date in spring and before 
each date in autumn are given in tables 1 and 2 .  This 
theoretical probability is determined by the use of the 
normal dist8ribution curve applied to the dates of the first 
and last killing frosts. The eorliest last killing frost of 
spring ever recorded is March 27 (1925) and the latest 
May 15 (1907). The probabilities of having u freezing 

% 

20 25 3 0  4 9 14 19 24 29 4 9 14 19 24 29 3 8 13 

FIGUKE I.-Probability of a killingfrost before each date in autumn at Lincolu, Korth 
Platte. and Scottsbluff. 

AUGUST SEPTEMBER OCTOBER NOVEMBER 

temperature after these dates are 98.9 percent and 0.9 
percent respectively. The dates of the earliest and latest 
recorded killing frosts of autumn are September 18 (1901) 
and November 7 (1924). The interval between the earliest 
and the latest last killing frost in spring is 49 days while the 
surne interval between the earliest and latest first killing 
frost in autunin is 50 days. Actually as well us statisticnlly 
68 percent of the last and first freezes nre clustered within 
11.5 days of the average last and first killing frost dates, 
which are April 18 and October 17, respectively. Thus 
the average frost free season is 179 days. The liniits of 
standard deviation of the last killing frost in spring tire 
between April 9 and April 30 and of the first in autiiInn 
between October 2 and October 26. This means that there 
is less than a 16 percent chance hhat a last killing frost will 
occur before April 9 and after April 30 or that the first 
freeze of autunin will occur only 16 percent of the time 
before October 2 and after October 26. The shortest 
actual growing season ever recorded is 150 days (1907) 
while the longest is 219 days (1924). I t  is fortunate that 
the large majority of last and first killing frosts occur near 
t'he average data. This makes possible a fuller use of the 
growing season by crops requiring a long period for 
growth. 
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coln, from 25' to 50' at  North Platte, and from 24' to 47' 
a t  Scottsbluff. During autumn the approach of winter 

The same study was made of the minimum tempera- occurs earliest at. Scottsbluff. Freezing temperatures 
occur 2 weeks earlier a t  North Platte, and from 3 to 4 
weeks earlier a t  Scottsbluff, than at  Lincoln. 
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COMPARISON OF T H E  T H R E E  S T A T I O N S  

tures a t  North Platte and Scottsblufl as a t  Lincoln. The 
same conditions as above interpreted for Lincoln are 

FIOURE 5. 

illustrated by figures 7, 8, 9, and 10. A brief summary 
will suffice to niake a compartttive study of the three 
stations possible. The periods studied a t  North Platte 
and Scottsbluff extended froni March 15 to June 15 and 

The least variation between the lowest recorded temper- 
atures and the average minimum temperatures occurs a t  
Scottsblufl and the greatest variation at Lmcoln. March 
and November extremes vary the most a t  all stations. The 

AUTUMN CONDITIONS OF 
MINIMUM TEMPERATURE A T  

PTEMBER I - NOVEMBER Jo 

d .c '5; 
FIGURE 6. 

August 15 to November 15. Siniilnr temperature condi- 
tions occur about 15 days earlier in spring and 15 days 
later during autumn at  Lincoln than a t  North Platte. 
During the period from March 20 to May 31 the average 
minimum temperitt,ures increase from 29' to 55' at Lin- 

greater vtirintion at  Lincoln is reflected in the greater stand- 
ard deviation found there. The spring season average 
shows an 8.68' variation at  Lincoln, 7.70' at North Platte, 
and 7.71' a t  Scottsbluff. The autumn average standard 
deviations in the same order are 9.24', 7.34O, and 7.05'. 
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The approach of summer and winter is slightly more 
rapid in the east than in the west. The average daily 
change of average minimum temperatures at Lincoln is 

fra.gile plants out of doors beca.use the probability of a 
freezing temperature is less than 1 percent. At Nort8h 
Platte a freezing temperature can be expected over 16 

FIGUBE 7. 

0.375' in spring and 0.416' in autumn, while the same 
change at Scottsbluff is 0.365' and 0.376', respectively. 

The probability of a freezing temperature during spring 

percent of the time while a t  Scott,sbluff tbe chances of 
frost dama.ge woulcl be great, as more t,han half the years 
have experienced a killing frost nfter May 15. 

FIGUBE 8. 

and during autumn at the three stations is illustrated by 
figures 1 and 2. The rate and time of advance of summer 
and winter are clearly distinguished a t  each.point. For 
example May 15 at  Lincoln is a fairly safe time to place 

The probability of a killing frost after ench da.te in 
spring and before each date in autumn is shown in figures 
3 and 4. This is to be distinguishecl from the proba.bility 
on each date given in figures 1 and 3. 
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Station 

The length of the average frost-free season a t  Lincoln 
is 179 claps, t i t  North Platte 150, and at, Sc,ottsbluff 131. 
The accompnnying table is made up of actual as well as 
theoretical data. The first colunin gives the a\ ernge 
number of frost-free days. Columns Z and 3 list the num- 
ber of days in the shortest and longest actiinl seRsoiis. 
Columns 4 and fi represent the shortest and longest 
theorelicnl growing se:isons. By longest possible growing 

Average Short& Longest Shortest Longeat 
number actusl theoret- theoret- 
of frost- ical ical 

free season season 
days (days) (days) 

M$RC,H 27 Io 3 I Y e e 0 I2 *p,R''e e m n z a m rcw r 
15 n ID 21 

70. 

05- 

60- SPRING CONDITIONS OF MINIMUM TEMPERATU 
AT SCOTTSBLUFF I NEBRASKA.- 
MARCH IS-JUNE 15 

----- 
Lincoln .......................... 179 150 219 1 24 230 
North Platte .._.._..______. ...--. 150 106 1% 200 
Srottsbluff ._.._._...._.__..__.... 1 131 1 108 I 151 1 :E I 178 

FIGURE 9. 

season is meant the length of time between the date of the 
earliest last killing frost, espected 1 percent of the time 
in t<he spring and the latest first killing frost in autumn 

Thus it can be seen that' the average growing semen at  
Scottsblufl begins nearly 3 weeks later and ends nearly 3 
weeks earlier than a t  Lincoln. The variations froiri the 

FIGURE 10. 

t'hat, moulcl likely occur 1 percent, of the lime. It is 
obvious that a season as long as this, or as short, as between 
the latest possible and earliest possible autumn freeze, 
would be R rarity. 

average or the unreliability of the frost-free season is 
greatest a t  ScottsblufT and least a t  Lincoln even though 
t,he standard deviation of minimum temperature is less at 
Scottsbluff than a t  North Platte or Lincoln. 


